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(54) Method for manufacturing carbon-doped compound semiconductors 



(57) Provided is a manufacturing method of a com- 
pound semiconductor having at least one layer of car- 
bon-doped p-type semiconductor epitaxial layer by a 
MOVPE process, wherein cartx)n trichloride bromide is 
used as a carbon source of cartx>n to be added to the p- 

FIG. 1 



type semiconductor epitaxial layer. In the method the 
etching amount during growth is relatively small, and 
carbon can be added to a high concentration even with 
a large MOVPE apparatus. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method for 
manufacturing a compound semiconductor having at 
least one layer, which is a carbon-doped p-type semi- 
conductor epitaxial layer produced by a metalorganic 
vapor phase growth process. 

Description of the Related Art 

[0002] As a doping method for manufacturing a p-type 
semiconductor epitaxial layer of a carbon-doped GaAs. 
AIGaAs, or InGaAs having a p-type conduction to be 
manufactured by a metalorganic vapor phase growth 
process (hereinafter, may be referred to as MOVPE 
process), techniques using carbon tetrachloride and 
caibon tetrabromide as a caibon source are known. 
Use of the above cartxni sources results in a good 
incorporation efficiency of cartxjn into a p-type semi- 
conductor epitaxial layer. This can provide a high hole 
concentration of GaAs, AIGaAs, or InGaAs in the epi- 
taxial layer having a p-type conduction. The high hole 
concentration cart>on-doped p-type GaAs and p-type 
InGaAs thus manufactured are used as, for example, a 
base layer of a Hetero Bipolar Transistor (HBT). The 
carbon in GaAs has a small diffusion constant in com- 
parison with other p-type impurities such as Be and Zn, 
which enables the growth of a base layer excellent in 
reliability. The characteristic of the base layer is one of 
the factors that exerts a large influence on the HBT 
device characteristics. 

[0003] However, in order to dope a p-type semicon- 
ductor epitaxial layer of GaAs, AIGaAs. or InGaAs with 
carbon to a high concentration, by using carlx>n tetrab- 
romide as a cart>on source, which has a melting pdnt of 
90 *C, and is a solid at room temperature, the doping 
needs to be carried out by sublimation. However, as car- 
bon tetrabromide has a low vapor pressure of 0.6 
mmHg/23 **G. although it is still a high efficiency cartx^n 
source, it is instable in vapor pressure, and it may be dif- 
ficult to realize sufficient vapor pressure. Also, in the 
future, in the case where an increase in diameter of an 
epitaxial sut^trate. or an increase in size of a device for 
the purpose of productivity improvement is required, the 
supply may sometimes become insufficient for obtaining 
a semiconductor epitaxial substrate having a high hole 
concentration. 

[0004] It is also known that, in the growth of a high 
hole concentration semiconductor epitaxial layer having 
a p-type conduction by a MOVPE process, an increase 
in supply of carbon tetrachloride or carbon tetrabro- 
mide, or an increase in growth temperature for enhanc- 
ing the crystattinity of the epitaxial film results in the 
formation of hydrogen chloride or hydrogen bromide in 



the reaction process; this causes etohing to proceed, 
and results in a difficulty in control of the epitaxial film 
thickness (J. Appl. Phys. 72. 2063 (1992), Japanese 
Laid-Open Patent Publication No. Hei 9-219370). Espe- 
5 dally, the etching amount is large in the case where car- 
bon tetrachloride is used as a cartx>n source, and hence 
it is not preferable. 

[0005] An object of the present invention is to provide 
a method for manufacturing a compound semiconductor 

10 having at least one layer, which is a carbon-doped p- 
type semiconductor epitaxial layer produced by a meta- 
lorganic vapor phase growth process, where the etching 
amount during growth is relatively small, and cartx>n 
can be added to a high concentration even with a large 

15 MOVPE apparatus. 

SUMMARY OF THE INVENTION 

[0006] The present invention pertains to a manufac- 
20 turing method of a compound semiconductor having at 
least one layer , which is a carbon-doped p-type semi- 
conductor epitaxial layer produced by a metalorganic 
vapor phase growth process, wherein carbon trichloride 
bromide is used as a carkx>n source of cartx>n to be 
25 added to the p-type semiconductor epitaxial layer. 

BRIEF DESCRIPTION OF THE DRAWING 

[0007] 

30 

FIG. 1 is a diagram showing the dependency of the 
hole concentration of a p-type GaAs with the car- 
bon trichloride bromide supply (example 1); 
FIG. 2 is a diagram showing the grown film thick- 

35 ness with respect to the hole concentration of the p- 
type GaAs. The case where cartx)n trichloride bro- 
mkie is used is shown with (example 1), while 
the case where carbon tetrachloride is used is 
shown with "O" (comparative example 1); 

40 FIG. 3 is a diagram showing the dependency of the 
grown film thickness of the p-type GaAs with the 
growth temperature (example 1). The mark ■ 
denotes the case where the group V/group III ratio 
= 5, while the mark O denotes the case where the 

45 group V/group 111 ratio = 15; and 

FIG. 4 is a diagram showing the relationship of the 
hole concentration and the mobility at room terrper- 
ature of the p-type GaAs (example 1). The case 
where cartx)n trichloride bromide is used as a car- 

50 bon source is shown with while the case where 
cartx>n tetrachloride is used is shown with "O"- 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0008] The manufacturing method of a compound 
semiconductor of the present invention is characterized 
in tiiat, in a method for manufacturing a compound sem- 
iconductor having at least one layer, which is a cartx)n- 
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doped p-type semiconductor epitaxial layer produced by 
a MOVPE process, carbon trichloride bromide is used 
as a cartx)n source of carbon to be added to the p-type 
senniconductor epitaxial layer. Examples of the com- 
pound semiconductor include GaAs, AlxGa^.xAs (where 5 
0<x^1). and InyGa^yAs (where 0<y^0.5). 
[0009] Carbon trichloride bromide is a cheirvcally sta- 
ble compound, and enables a stable control of doping in 
the addition of carbon into compound semiconductors 
such as GaAs. InQaAs. and AIGaAs in a metalorganic 10 
vapor phase growth process. 

[001 0] In the present invention, use of cartx>n trichlo- 
ride bromide as a carbon source of carbon, to be added 
to a semiconductor epitaxial layer, can control the etch- 
ing amount in comparison with the case where cart>on is 
tetrachloride or cartx>n tetrabromide is used, even if the 
supply is increased for obtaining a high hole concentra- 
tion, or the growth temperature is raised for enhancing 
the crystaliinity of the epitaxial layer. This improves the 
controlability of the epitaxial film thickness. 20 
[0011] Further, the vapor pressure of cartx}n trichlo- 
ride bromide (35 mmHg/23**C) is not as high as that of 
carbon tetrachloride (100 mmHg/23*C). However, it is a 
liquid at room temperature, and the incorporation effi- 
ciency of cartjon into the epitaxial film is comparable to 2S 
that of carbon tetrachloride, which enables use even 
with a large MOVPE apparatus. 

EXAMPLES 

30 

[0012] Below, the examples of the present invention 
will now be illustrated, which should not be construed as 
limiting the scope of the present invention. 

Example 1 3S 

[0013] By a MOVPE process with trimethyl gallium 
(hereinafter, also referred to as TMGa). trimethyl alumi- 
num (hereinafter, also referred to as TMAI), and arsine 
(ASH3) being used as raw materials, on a GaAs sub- 40 
strate was grown an Alo.5Gao.5As buffer layer, on which 
was grown a p-type GaAs doped with cartx)n using car- 
bon trichloride bromide as a carbon source. The growth 
temperature of the p-type GaAs layer was set in the 
range of 580 to 630 ^'C. white the group V / group I II ratio 45 
was set in the range of 5 to 15. 
[0014] The p-type GaAs grown under the above- 
desaibed conditions was evaluated for hole concentra- 
tion and mobility at room temperature by Hall effect 
measurement. Also, selective etching of the p-type so 
GaAs was performed using a citric acid-based etchant 
to evaluate the grown film thickness by a step difference 
measuring device. 

[0015] The relationship between the hole concentra- 
tion at room temperature and the cartx)n source supply ss 
of a p-type GaAs with carbon trichloride bromide being 
used as a carbon source, under the conditions of a 
growth temperature of 630 ^'C. and group V/grotp III 
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ratio s 15 ^ shown in FIG. 1. This figure indicates that 
an increase in supply of cartoon trichloride bromide 
results in an increase in hole concentration of the p-type 
GaAs roughly on a proportional basis. Thus, it is 
revealed that, in the case where carl)on trichloride bro- 
mide is used as a carbon source, the control is suffi- 
ciently possible even if the hole concentration of the p- 
type GaAs is 10^®/cm^ or more. 
[0016] Next, the relationship between the film thick- 
ness and the hole concentration of a p-type GaAs with 
carbon trichlorkle bromide being used as a cartx>n 
source is shown with in FIG. 2. Also, in the same fig- 
ure, the results in the case where caibon tetrachloride is 
used as a cartoon source are shown with " O " (compar- 
ative example 1). In the case where cartx>n trichloride 
bromide was used, the thickness was found to be 
approximately 95 % of the grown film thickness of the 
nondoped GaAs with a hole concentration of 1.8 x 
10^^/cm^, grown under the same conditions. The film 
thickness of the p-type GaAs having the equal hole con- 
centration, manufactured using carbon tetrabromide is 
approximately 90 % of that of the film having the equal 
hole concentration according to the present invention. 
This indicates that use of cartx>n trichloride bromide 
controls the etching amount. 

[0017] Also, FIG. 3 shows the growth temperature 
dependence of the grown film thickness in the case 
where the supply of carbon trichloride bromide is made 
constant, it is indicated that there is observed almost no 
variation in film thickness between the points where the 
group V/group III ratios are 5 (mark ■). and 15 (mari^ 
O) at temperatures in the range of 580 to 630 'C. 
[0018] The relationship between the hole concentra- 
tion and the nrrability at room tenperature of a p-type 
GaAs with carbon trichloride bromide being used as a 
carbon source is shown with in FIG. 4. Also, in the 
same figure, the results in the case where cartx>n tetra- 
chloride is used as a carbon source are shown with 
"O**- ^IG- 4 indicates that the relationship between the 
hole concentration and the mobility of a p-type GaAs 
with carbon trichloride bromide being used as a cartx)n 
source shows the same tendency as that of the one with 
carbon tetrachloride being used. This reveals that film 
materials equal in terms of crystaliinity can be obtained. 
[0019] The comparison of the supplies of carbon 
source required for obtaining the p-type GaAs having 
the same hole concentration was performed between 
carbon trichloride bromide and catbon tetrachloride. 
Consequently, the efficiencies of both cases were found 
to be almost the same. Also, the hole concentration of 
the p-type GaAs could be confirmed up to a maximum 
of 8 X 10^ ^/cm^ by use of cartx>n trichloride bromide. 

Comparative Example 1 

[0020] On a GaAs substrate, by a MOVPE process, 
with trimethyl gallium (TMGa). trimethyl aluminum 
(TMAI), and arsine (ASH3) being used as raw materials. 
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was grown an AJo.5Gao.5As buffer layer, on which was 
grown a p-type GaAs doped with carbon using carbon 
tetrachloride as a carbon source. The growth tempera- 
ture of the p-type GaAs layer was set in the range of 580 
to 630 *C, while the group V / group III ratio was set In 
the range of 5 to 15. The epitaxial substrate was evalu- 
ated for hole concentration, mobility, and grown film 
tNckness at room temperature of the p-type GaAs by 
the same technique as that of example 1. 
[0021 ] There was observed the proportionality in the 
relationship between the hole concentration at room 
temperature and the carbon source supply of the p-type 
GaAs with carbon tetrachloride being used as a carbon 
source as in the case of carbon trichloride bromide. 
[0022] The relationship between the film thickness 
and the carbon source supply of the p-type GaAs with 
cartx)n tetrachloride being used as a carbon source is 
shown with in FIG. 2. In the case where cartxjn tet- 
rachloride is used as a carbon source, as the supply of 
the cartx>n source is increased, the grown film thickness 
exhibits a considerable decrease. This reveals that 
there occurs etching simultaneously with the growth of 
the p-type GaAs. In the p-type GaAs having a hole con- 
centration of 4,3 X 10^^/cm^, the grown film thickness 
was found to be approximately 60 % of that of the non- 
doped GaAs grown under the same conditions. The film 
thickness is 73 % of that in the case where the compa- 
rable hole concentration is obtained using carbon 
trichloride bromide as a cartx>n source under the same 
growth conditions. Thus, even as compared with carbon 
tetrachloride, the etching amount can be controlled. 
[0023] Further, the temperature was similarly raised 
up to 650 with the supply of cartx)n tetrachloride 
being made constant Consequently, there was 
observed a decrease in grown film thickness like the 
case where the supply was increased. The decrease In 
film thideiess partly depends upon the supply of the 
cartx>n source. However, the film thickness was found to 
be approximately 80 % of that of nondoped GaAs in the 
case where a hole concentration of 4 x 10^^/cm^ or 
more can be obtained. 

[0024] According to the present invention, in doping a 
GaAs. AIGaAs. or InGaAs semiconductor eptaxial sub- 
strate with carbon, doping can be performed with the 
etching amount during growth being relatively small, 
and with efficiency by using carbon trichloride bromide 
as a carbon source. In the case where carbon tetrachlo- 
ride is used as a cartx}n source into a p-type GaAs as in 
the comparative example, an increase in supply, or an 
increase in growth temperature causes etching, which 
leads up to an instability in controlling the film thickness. 
To this end. according to the present invention, as Is 
apparent from the examples, there can be provided a p- 
type semiconductor epitaxial layer with the etching 
amount during growth being relatively small, and being 
doped with cart>on to a high concentration, even by a 
large MOVPE apparatus, for a carbon-doped GaAs. 
AIGaAs, or InGaAs p-type semiconductor epitaxial layer 



to be manufactured by a MOVPE method. 
Claims 

5 1. A method for manufacturing a compound semicon- 
ductor having at least one layer, which is a cart)on- 
doped p-type semiconductor epitaxial layer pro- 
duced by a metalorganic vapor phase growth proc- 
ess, wherein carbon trichloride bromide is used as 

10 a carbon source of carbon to be added to said p- 
type semiconductor epitaxial layer. 

2. A method for manufacturing a compound semicon- 
ductor according to claim 1. wherein said p-type 

15 semiconductor epitaxial layer is GaAs. 

3. A method for manufacturing a compound semicon- 
ductor according to claim 1. wherein said p-type 
semiconductor epitaxial layer is AlxGa^.x^s (where 

20 0<x^1). 

4. A method for manufacturing a compound semicon- 
ductor according to claim 1. wherein said p-type 
semiconductor epitaxial layer is iPyGa^-yAs (where 

25 0 < y ^0.5). 
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FIG. 3 
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